FIELD OF THE INVENTION 


This invention relates to modulator and demodulator design and carry synchronize m 
spread spectrum and code division multiple access (CDMA) communication systems. It 
also relates to applications of the spread spectrum and CDMA communication systems. 
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CLAIMS 
We claim: 

1. A method to asynchronously demodulate CDMA for multiple access applications, 
comprising: 

a. Coding transmitting signal by selecting special PN codes from all available PN 
codes. 

b. Coding CDMA signal by bipolar code in a transmitter, 

c. Transmitting carry modulated CDMA bipolar signals at a carry radio frequency that 
does not have to be exactly the same for different transmitters, 

d. asynchronous demodulation to remove the carry frequency and convert the bipolar 
CDMA to on-off CDMA signals in a receiver, 

e. Converting the on-off CDMA signals to polar CDMA signals in the receiver, 

f. Detecting signal from a desired transmitter by dispreading the CDMA signals in the 
receiver and minimizing MAI in a receiver. 

2. The method of claim 1 wherein said selecting special PN codes from all available PN 

codes comprises: 
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a. Selecting a PN for a candidate of said special PN code, 

b. Calculating a product of said candidate code and any PN code of special PN codes. 

c. Comparing said product of two codes with any PN code of said special PN codes. 

d. Adding said candidate code to said special PN codes if said product does not match 
any PN code of said special PN code. 

3. The method of claim 1 wherein said asynchronous demodulation removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. Said 
asynchronous demodulation can comprise: 

a. Quadrature demodulation for obtaining in-phase and quadrature signals, 

b. Converting said in-phase and quadrature CDMA signals to on-off CDMA signals 
by taking square, 

c. Obtaining baseband on-off CDMA signals by summing squared in-phase and 
quadrature signals. 

4. The method of claim 1 wherein said asynchronous demodulation removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. Said 
asynchronous demodulation can comprise: 

a. Obtaining IF modulated CDMA signals, 

b. Converting the bipolar CDMA signals to on-off CDMA signals by taking square, 

c. Obtain baseband on-off CDMA signals by lowpass filtering. 

5. The method of claim 1 wherein said asynchronous demodulation removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. Said 
asynchronous demodulation can comprise: 

a. A bandpass filter to obtain desired CDMA signals in a frequency range. 

d. A squarer to convert the bipolar CDMA signals to on-off CDMA signals, 


e. A lowpass filter to obtain baseband on-off CDMA signals. 

6. The method of claim 1 wherein said mean remover converts said on-off CDMA signals 
to polar signals, and it comprises: 

a. A mean estimator to estimate mean of said on-off signals, 

b. A subtractor to remove the mean of said on-off signals. 

7. The method of claim 1, can further include a multi-access interference cancellation 
(MAI) algorithm to cancel interference from other CDMA transmitters. 

8. An apparatus to asynchronously demodulate CDMA for multiple access applications, 
comprising: 

a. A CDMA coder to code transmitting signal by a special PN code in a transmitter, 

b. A bipolar (pseudoternary) coder to code the polar CDMA signal in said transmitter 
of a CDMA multiple access communication system, 

c Multiple transmitters transmit CDMA modulated signals at a carry radio frequency 
that does not have to be exactly the same for different transmitters, 

d. An asynchronous demodulator removes the carry frequency and convert the bipolar 
CDMA to on-off CDMA signals, 

e. A mean remover to converts the on-off CDMA signals to polar CDMA signals in 

the receiver, 

f. A detector to detect signal from a desired transmitter by dispreading the CDMA 
signals in the receiver. 

9. The apparatus of claim 8 wherein said CMDA coder codes transmitting signal by a 
special PN code that does not produce another special code when it multiplys with another 
special PN code. 
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10. The apparatus of claim 8 wherein said asynchronous demodulator removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. It can 
comprise: 

a. A quadrature demodulator for obtaining in-phase and quadrature signals, 

b. Two squarers to convert the in-phase and quadrature CDMA signals to on-off 
CDMA signals, 

c. A summer to sum squared in-phase and quadrature signals to obtain baseband on- 
off CDMA signals. 

1 1 . The apparatus of claim 8 wherein said asynchronous demodulator removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. It can 
comprise: 

a. A IF demodulator for obtaining IF modulated CDMA signals, 

b. A squarer to convert the bipolar CDMA signals to on-off CDMA signals, 

c. A lowpass filter to obtain baseband on-off CDMA signals. 

12. The apparatus of claim 8 wherein said asynchronous demodulator removes the carry 
frequency and converts the bipolar CDMA signals to on-off CDMA signals. It can 
comprise: 

a. A bandpass filter to obtain desired CDMA signals in a frequency range. 

d. A squarer to convert the bipolar CDMA signals to on-off CDMA signals, 

e. A lowpass filter to obtain baseband on-off CDMA signals. 

13. The apparatus of claim 8 wherein said mean remover converts said on-off CDMA 
signals to polar signals, and it comprises: 

a. A mean estimator to estimate mean of said on-off signals, 

b. A subtractor to remove the mean of said on-off signals. 


14. The apparatus of claim 8 wherein said detector can further includes a multi-access 
interference cancellation (MAI) algorithm to cancel said MAI from other CDMA 
transmitters. 

1 5. A method to cancel the multi-access interference (MAI) when the number of 
transmitters is limited. Said method construct a new PN code for the CDMA dispreading 
for a desired transmitter. Said method comprises: 

a. Forming all possible products of PN codes of transmitters except the desired 

transmitter, 

b. Obtained a summed code by summing said products and all PN codes of 
transmitter except the desired transmitter. 

c. Obtained said new PN code by multiplying the PN code of said desired 
transmitter with the different of one minus said summed code. 


SUMMARY OF THE INVENTION 

The present invention provides a method for modulation and coding of spread spectrum 
and code-division multiple access communication systems. The invention removes the 
carry synchronization requirement of these communication systems. It benefits many 
communication systems while spread spectrum and code-division for multiple access 
applications. It makes that is possible to establish a carry asynchronous CDMA 
communication network without a centralized base station. 

In the transmitter, spread signal or coded signal by an orthogonal code or a PN code will 
be further coded before the RF modulation so that the demodulation can be performed 
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without a carry synchronous detector at a receiver. Assuming the baseband pulse is p(t) 
that represents one chip. Data Is will be coded as P (t) or -p(t), alternatively. Data Os will 
be coded as zero voltage level. At the receiver, a square law detector will be used to 
remove the RF carrier and preserver information to differentiate zeros and ones. All pulses 
representing ones become positive after the square law detector. Then a polar PN code is 
applied to extract the desired user and minimize the multi-access interference from other 
users. If PN codes are selected the differences between carry frequencies are small, the 
multi-access interference will be small. If the number of received users is small, all multi- 
access interference can be cancelled use an interference cancellation algorithm of this 
invention. 
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